Twenty spring wheat varieties were studied to find out genetic variability and genetic association for grain yield and its component characters. Both genotypic and phenotypic variances were highly significant in all the traits with little higher phenotypic variations as usual. Similarly, the low differences between the phenotypic and genotypic coefficients of variations indicated low environmental influences on the expression of these characters. High heritability coupled with high genetic advance were obtained with plant height, grains per spike, 100-grain weight, harvest index and grain yield. Genotypic correlation coefficients were higher than the corresponding phenotypic correlation coefficients in most of the traits. Spikes per plant, grains per spike, spike length, 100-grain weight and harvest index were the most important characters which possessed positive association with grain yield. Path coefficient analysis revealed that among the different yield contributing characters spike per plant, grains per spike, 100-grain weight and harvest index influenced grain yield per plant directly. The direct effects of these characters on grain yield were positive and considerably high. Moreover, harvest index, days to maturity and spikes per plant had positive and higher indirect effect on grain yield through grains per spike. Thus selection for yield in spring wheat through these characters would be effective.
Introduction
Grain yield is the principal character of a cereal crop. This is a complex quantitative character, which is influenced by a number of yield contributing characters. So, the selection for desirable types should not only be based on yield, the other yield components should also be considered. Direct selection for yield is often misleading in wheat because wheat yield is polygenically controlled. For effective utilization of the genetic stock in crop improvement, information of mutual association between yield and yield components is necessary. It is, therefore, necessary to know the correlation of various component characters with yield and among themselves. The correlation coefficients between yield and yield components usually show a complex chain of interacting relationship. Path coefficient analysis partitions the components of correlation coefficient into direct and indirect effects and illuminates the relationship in a more meaningful way. The success of a breeding program depends largely upon the amount of genetic variability present in the population and the extent to which the desired traits are heritable. Therefore, an attempt was undertaken to estimate genetic variability, association among desired traits and their direct and indirect effects towards grain yield of wheat.
Materials and Methods
The experiment was conducted at the experimental Farm of the Department of Genetics and Plant Breeding, Bangladesh Agricultural University (BAU), Mymensingh during the rabi season of [2000] [2001] . The experiment consisted of 20 spring wheat (Triticum aestivum L.) genotypes (varieties or lines). These materials were collected from the Department of Genetics and Plant Breeding, BAU, Mymensingh. The name, origin and source of these materials are shown in Table1. Observation was made from ten randomly selected plants and data were taken on plant height (PH), spikes per plant (SP), spike Length (SL), grains per spike (GS), 100-grain weight (GW), days to maturity (DM), harvest Index (HI) and grain yield per plant (g). Analysis of variance was performed by computer using MSTAT-C software. The test of significance was done by F-test. Duncan's New Multiple Range Test (DMRT) was also done using MSTAT-C. Genotypic coefficients of variation (GCV) and phenotypic coefficients of variation (PCV) were estimated according to Burton and De Vane (1953) ; heritability in broad sense (h 2 b ), genetic advance (GA) and genetic advance as % of mean (GAPM) were calculated following Hanson et al. (1956) ; correlation coefficients were estimated according to Al-Jibouri et.al(1958) and path coefficient analysis was done following Dewy and Lu (1959) .
Results and Discussion

Genetic variability and mean performance of traits
The analyses of variances revealed significant variations among the genotypes for all the characters ( Table 2 ).The extent of variability for any character is very important for the improvement of a crop through breeding. The variability of the characters was measured by range, GCV and PCV. Mean, range, S Table 3 . Among the characters; spike length, grains per spike, 100-grain weight, harvest index and grain yield displayed more than 15% variation at phenotypic level, which could be considered as high enough. At genotypic level, grains per spike, 100-grain weight, harvest index and grain yield had more than 15% variation and others had less than 15% variation. PCV were slightly higher than GCV in case of plant height, 100-grain weight and days to maturity, indicating presence of environmental influence on the expression of these characters. The other characters; such as spikes per plant, spike length, grains per spike and grain yield showed considerably higher PCV than GCV which indicated marked influence of environment on the expression of these characters. Amin et al. (1992) also reported similar result for durum wheat. They observed that spikes per plant had high phenotypic coefficient of variation but its genotypic coefficient of variation was much low suggesting that the character spikes per plant was influenced by environmental factors. They also reported that genotypic coefficient of variation was high for grain yield followed by grains per spike and harvest index and lowest for days to maturity. These results are in close agreement with present study. High GCV and PCV were recorded for grains per spike, 100-grain weight and grain yield per plant but it was moderate for plant height spikes per plant, spike length, and harvest index. Days to maturity exhibited low genotypic as well as phenotypic coefficient of variation in the present study, which may be due to presence of both positive and negative alleles in the population. The findings were almost supported by Ehdaie and Waines (1989) who observed high GCV and PCV for number of grains per spike, 100-grain weight and grain yield per plant. But they obtained low coefficients of variation for days to maturity. The study of heritability indicates that the characters plant height, 100-grain weight, grains per spike, days to maturity, harvest index, grain yield and spike length were highly heritable. Only spikes per plant was moderately heritable indicating that the character was more influenced by environment. Although high heritability estimate have been found to be effective in the selection of superior genotypes on the basis of phenotypic performance, Johnson et al. (1955) suggested that heritability estimates along with genetic advance will be more useful in predicting the effect for selecting the best individual. The analysis of genetic advance in percentage of mean showed that the characters; plant height, grains per spike, 100-grain weight, harvest index and grain yield indicated good response to selection. These characters had more than 20% expected genetic advance under selection. Days to maturity, spike length and spikes per plant had minimum genetic advance in percentage of mean. These characters had also less phenotypic and genotypic coefficients of variation indicating that they were less important to selection. Among these characters 100-grain weight, grains per spike, harvest index and grain yield had high phenotypic and genotypic coefficient of variation associated with high heritability suggests that selection for these characters would be effective. Singh et al. (1978) also found high genetic advance associated with high heritability for grains per spike and 100-grain weight for macaroni wheat. Spikes per plant had low genetic advance associated with medium heritability. Low heritability with low genetic advance for this character was also reported by Balchand and Lodhi (1994) . They said that poor estimates of heritability and genetic advance were due to the influence of environment on this trait. Amin et al. (1992) also reported low genotypic and phenotypic coefficient of variation, low heritability and low genetic advance for spikes per plant. This report supports the present findings. The high heritability estimates along with low genetic advance indicates that nonadditive type of gene action and genotype-environment interaction plays a significant role in the expression of the traits as observed in days to maturity in the present study. Plant height, spike length, grains per spike and 100-grain weight had high heritability with high genetic advance in percentage of mean making these four characters most important in the selection of modern wheat. High GCV, PCV, heritability and GA% of mean for grains per spike and 100-grain weight suggested that these two characters could be transmitted to the hybrid progeny and phenotypic selection based on these would be effected. 
Character association
Mutual relationship between grain yield and its contributing characters ( Table 4 .) revealed that in most of the cases the genotypic correlation coefficient were higher than the corresponding phenotypic correlation coefficient indicating strong inherent relation between the traits but suppressing effect of the environment, which modified the phenotypic expression of these characters by reducing phenotypic coefficient values. Such environmental influence in reducing correlation coefficients in bread wheat was also reported by Agarawal et al. (1997) and Deswal et al. (1997) .
From the study, grain yield per plant was positively and significantly correlated with grains per spike and harvest index both at genotypic and phenotypic levels. It suggests that yield per plant would increase with increase of these characters. Spikes per plant, spike length and 100-grain weight were positively correlated with grain yield but the values were non significant. Among the studied characters spikes per plant and grains per spike are the primary yield components and harvest index is the most important physiological trait. Similar association in winter wheat was also reported by Sharma et al. (1995) and Shoran (1995) . Among the yield contributing characters plant height had negative interaction with spikes per plant, spike length, grains per spike, 100-grain weight, days to maturity and harvest index. Spikes per plant was highly significant but negatively correlated with 100-grain weight. Bhuyian et al. (1998) found similar results. It is observed that correlation between grains per spike and 100-grain weight was significant but negative. Both characters are primary yield components and share a common source for their development. Such negative correlation explains the mechanism of compensation between them in determining grain yield. Shamsuddin (1987) and Jaglan et al. (1997) reported similar negative association between them. Spikes per plant was positively correlated with grains per spikes, days to maturity and harvest index but negative correlation were observed with spike length and 100-grain weight. Genotypic and phenotypic correlations between spike length and grains per spike, 100-grain weight and harvest index were considerably high and positive. The interrelation between yield contributing characters exhibits that number of grains per spike was positively correlated with harvest index which indicated high portion of photosynthates was due to increase of number of grains per spike Number of grains per spike exhibited high and positive correlation with days to maturity and harvest index.
Genotypic correlation coefficients between these yield and yield contributing characters were generally higher than phenotypic correlation coefficients between them. But there are some exceptions to this observation. The correlation coefficients of spikes per plant with grains per spike and harvest index were high at phenotypic level, but they were low at genotypic level. This can be explained as such that environmental effect enhanced the correlation between them to become higher at phenotypic level. Positive relationship between yield and various yield contributing characters were reported by Shamsuddin and Abi-Antoun (1984) .
The study of correlation among yield and yield contributing traits suggests that spikes per plant, grains per spike, spike length, 100-grain weight and harvest index were the most important characters which possessed positive association with grain yield per plant. Therefore, these characters could be utilized in breeding program to improve varieties for higher yield.
Path coefficient analysis
Relationship between yield and yield contributing characters were studied in details through path coefficient analysis. Path coefficient analysis performed to disclose the causes and effects of chain relationships of different yield contributing characters with yield. Estimates of direct and indirect effects of yield contributing characters on grain yield per plant using genotypic correlation are presented in Table 5 and Fig.1 It was revealed that considerably highest positive direct effect on gain yield was exhibited by grains per spike followed by 100-grain weight, spikes per plant and harvest index. Mondal et al. (1997) obtained grains per spike, 100-grain weight and tillers per plant had positive direct effects on grain yield, whilst plant height had a negative direct effect on yield of bread wheat. Among them grains per spike and harvest index were highly correlated with grain yield at genotypic level. The direct effects of these characters on grain yield could be considered as causes of such high correlation. In addition harvest index also affected grain yield indirectly through grains per spike. Spikes per plant and 100-grain weight although exhibited high and positive direct effects on grain yield but their correlations with grain yield were minimum. High negative indirect effect of spikes per plant through 100-grain weight reduced the correlation of the character with grain yield to be negligible. Similarly high and negative indirect effect of 100-grain weight through spikes per plant and grains per spike caused the poor correlation of the character with grain yield. The character days to maturity had negative direct effect on grain yield, which suggests that the selection for early maturing lines with high yield is possible. The influence of plant height and spike length on gain yield was very little. These results are in line with Mondal et. al ( 1997) Study of relationship between yield and yield contributing characters in spring wheat through genotypic and phenotypic correlations and path coefficients suggests that spikes per plant, grains per spike, 100-grain weight and harvest index were the most important characters as they exhibited high direct effects on grain yield per plant. Genotypic correlations of grains per spike and harvest index were highly significant and positive. Therefore, selection for these characters would give better response to yield improvement. The residual effect of the present study was 0.382 indicating that he characters studied contributed 62% of the yield. It is suggested that maximum emphasis should be given on the above characters in selecting wheat with higher yield. It is also suggested that further study should be made with more characters to find out other traits which contribute rest of the percentage of the yield.
The genetic parameters, correlation and path coefficient analysis of the present study revealed that grains per spike, 100-grain weight, spikes per plant and harvest index were the most important traits to be selected for the development of modern wheat variety. The characters also showed moderate to high heritability and genetic advance in percentage of mean. Thus, the results suggest that higher number of grains per spikes, bold size grains, more spikes per plant and higher harvest index are the important yield contributing traits and thus plant selection based on these traits will be most effective.
